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(54) Methods and compositions for consolidating proppant in subterranean fractures 



(57) Proppant particles are coated on-the-fly with a 
hardenable resin composition, suspended in a fractur- 
ing fluid, and consolidated after being placed in frac- 
tures. These methods and compositions are especially 
suitable for low temperature wells, e.g. those in the 60°F 
to 225°F range. Preferably, a liquid hardenable resin 
component is mixed with a liquid hardening agent com- 
ponent on-the-fly to form a hardenable resin composi- 



tion. The hardenable resin composition is coated onto 
proppant particles on-the-fly that are conveyed from a 
source thereof to form resin-coated proppant particles 
in real-time. The resin-coated proppant particles are 
suspended in the fracturing fluid to be utilized down 
hole. 
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(e) placing suspended hardenabie resin-coated proppant particles in the fractures; 

(f) terminating steps (a), (b), (c), (d), and (e); and, 

(g) allowing the hardenabie resin on the hardenabie resin-coated proppant particles to cure. 

s [0007] In another aspect, the invention provides a method of on-the-fly mixing of a hardenabie resin composition 
and a proppant, which method comprises the steps of: 

(a) continuously mixing a premixed liquid hardenabie resin component and a premixed liquid hardening agent 
component, at a desired ratio, on-the-fly to form a hardenabie resin composition; and 
10 (b) mixing the hardenabie resin composition with the proppant particles on-the-fly to form hardenabie resin-coated 
proppant particles. 

[0008] The invention also includes a two-component hardenabie resin composition to be activated at the well site, 
which composition comprises 

75 

(a) a liquid hardenabie resin component comprising a liquid hardenabie resin; and 

(b) a liquid hardening agent component comprising a liquid hardening agent, a silane coupling agent, and a sur- 
factant. 

20 [0009] The invention further provides a liquid hardenabie resin component comprising butyl lactate, butyl glyceryl 
ether and bisphenol A epichlorhydrin. 

[0010] The invention also provides a liquid hardening agent component composition comprised of a cycloaliphattc 
amine liquid hardening agent, a silane coupling agent, and a surfactant. 

[001 1 ] One embodiment of the methods of the present invention may comprise the following steps: providing a liquid 
25 hardenabie resin component, a liquid hardening agent component, proppant particles and a liquid fracturing fluid; 
mixing the liquid hardenabie resin component with the liquid hardening agent component to form a liquid hardenabie 
resin composition; coating proppant particles with that liquid hardenabie resin composition; suspending the hardenabie 
resin-coated proppant particles in the liquid fracturing fluid to form a suspension; and introducing the suspension to a 
subterranean zone. When desired, the mixing may be terminated. Also, the pumping of the suspension into the sub- 
30 terranean fracture may be terminated when desired. Once introduced into the fracture, the hardenabie resin on the 
hardenabie resin-coated proppant particles is allowed to harden and consolidate into one or more permeable packs 
inside the subterranean fracture. 

[0012] Another improved method of the present invention, which may be described as on-the-fly mixing, comprises 
the following steps: providing a liquid hardenabie resin component a liquid hardening agent component and proppant 
35 particles; continuously mixing the liquid hardenabie resin component and the liquid hardening agent component to 
form a hardenabie resin composition; and mixing the hardenabie resin composition with the proppant particles on-the- 
fly to form hardenabie resin-coated proppant particles. 

[0013] The compositions of the present invention are comprised of a hardenabie resin, a hardening agent, a silane 
coupling agent, and a surfactant. Optionally, a hydrolyzable ester may be used, inter alia, to break any gelled fracturing 
40 fluid films on the proppant particles. Additionally, a liquid carrier fluid may be used if desired, inter alia, to affect the 
viscosity of the composition. 

[0014] In accordance with the methods of the present invention, all or part of the proppant transported into the frac- 
tures is coated with a resin composition (preferably on-the-fly) and is suspended in the fracturing fluid as the fracturing 
fluid is pumped into the subterranean formation. As a result, the resin coating on the proppant is fresh and when it 

45 hardens and consolidates the proppant, permeable proppant packs are formed in the fractures that, inter alia, prevent 
proppant flow-back. The permeable proppant packs are generally high-strength. In addition, the hardenabie resin com- 
position components of this invention have long shelf lives, e.g., three months and longer. The components, i.e., the 
liquid hardenabie resin component and the liquid hardening agent component, are stored separately until they are 
mixed in a desired weight ratio of about 1 part liquid hardenabie resin component to about 1 part liquid hardening agent 

so component just prior to being coated onto proppant. One skilled in the art with the benefit of this disclosure will recognize 
that this ratio can vary to suit the application at issue, e.g., about 2 parts liquid hardenabie resin component to about 
1 part liquid hardening agent component or more. The mixing of the components can be by batch mixing or the two 
components can be mixed on-the-fly to obtain a homogeneous mixture before being coated on proppant particles. The 
amount of mixed liquid hardenabie resin composition-coated on the proppant ranges from about 0.1% to about 5% by 

55 weight of the proppant, with about 3% being preferred. 

[0015] In order to conserve the amount of hardening agent utilized for curing the hardenabie resin, the volume ratio 
of liquid hardening agent component to liquid hardenabie resin component relative to the proppant utilized in accord- 
ance with this invention can be varied. In a preferred technique, the volume ratio of the liquid hardening agent com- 
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agent component to form the hardenable resin composition, which is then mixed on-the-fly with proppant, which is then 
mixed on-the-fly with fracturing fluid. In this preferred method, the components are carried into the fractures as they 
are being formed and when the pumping of the fracturing fluid is complete, all related on-the-fly mixing may also 
terminate 

5 [0019] The liquid hardenable resin component of the present invention is comprised of a hardenable resin and, 
optionally, a solvent. In preferred embodiments, the solvent utilized has a high flash point, most preferably above about 
1 25°F. When used, the solvent is added to the resin to reduce its viscosity for ease of handling, mixing, and transferring. 
It is within the ability of one skilled in the art, with the benefit of this disclosure, to determine if and how much of a 
solvent is needed to achieve a suitable viscosity. Optionally, the liquid hardenable resin can be heated to reduce its 

10 viscosity rather than using a solvent. 

[0020] The liquid hardening agent component of the present invention is comprised of a hardening agent; a silane 
coupling agent; an optional hydrolyzable ester for, inter alia, breaking gelled fracturing fluid films on the proppant 
particles; a surfactant for, inter alia, facilitating the coating of the resin on the proppant particles and for causing the 
hardenable resin to flow to the contact points between adjacent resin-coated proppant particles; and an optional liquid 

is carrier fluid preferably having a high flash point (above about 125°F). When used, the liquid carrier fluid is added to 
the liquid hardening agent component, inter alia, to reduce its viscosity for ease of handling, mixing and transferring. 
It is within the ability of one skilled in the art to determine if and how much liquid carrier fluid is needed to achieve a 
suitable viscosity. 

[0021] In addition to the liquid hardenable resin component and the liquid hardening agent component, proppant 

20 particles and a liquid fracturing fluid are also used in the present invention. In one embodiment of a method of the 
present invention, a liquid hardenable resin component is mixed with a liquid hardening agent component to form a 
hardenable resin composition. The hardenable resin composition is then coated onto proppant particles to form hard- 
enable resin-coated proppant particles that are subsequently mixed with a fracturing fluid. The liquid fracturing fluid 
containing hardenable resin-coated proppant particles is then introduced into a subterranean zone having one or more 

25 fractures therein while placing the hardenable resin-coated proppant particles in the fractures. The hardenable resin- 
coated proppant particles are then allowed to harden and consolidate into one or more high-strength permeable packs 
that prevent proppant flow-back. As is well understood by those skilled in the art, the liquid fracturing fluid can include 
additional components, including, but not limited to, a breaker, which causes it to revert to a thin fluid so that the resin 
composition-coated proppant particles are tightly packed in the fractures and the fracturing fluid is returned to the 

30 surface during flow back or cleanup stage. 

[0022] As is also well understood, when the fracturing fluid is broken and the hardenable resin composition-coated 
proppant particles are deposited in the fractures, the fractures substantially close on the proppant particles. Thus, 
pressure is applied on the hardenable resin composition-coated proppant whereby the proppant particles are forced 
into contact with each other while the resin composition hardens. The hardening of the resin composition under pressure 

35 helps bring about the consolidation of the resin-coated particles into a hard permeable pack having sufficient compres- 
sive strength to aid in preventing particulate flow-back. In fracture treatments carried out in unconsolidated formations, 
good consolidation of proppant is required in the perforations, which extend from the inside of the wellbore through 
casing and cement into the unconsolidated formation, as well as in the fractured portions of the unconsolidated for- 
mation surrounding the wellbore. At least the last portion of the proppant deposited in the perforations and in the 

40 fractures is coated with a hardenable resin composition and is caused to harden. The resulting consolidated proppant 
in the perforations and fractures contributes to the prevention of proppant flow-back. However, there is often little 
closure pressure applied to the hardenable resin-coated proppant in the fractures close to the wellbore, and there is 
no closure pressure applied to the hardenable resin-coated proppant particles in the perforations. In addition, the 
hardenable resin-coated proppant particles can be separated from each other by films of the fracturing fluid and, be- 

45 cause of the presence of such fracturing fluid films, the proppant particles may not sufficiently consolidate. As a result, 
the consolidated permeable packs formed in the perforations and fractures often have less-than-sufficient compressive 
strength to prevent particulate flow-back problems. These problems may be addressed by including in the hardenable 
resin composition one or more hydrolyzable esters, which function, inter alia, to break fracturing fluid films on the 
particles, and a surfactant for, inter alia, facilitating the coating of the resin composition on the proppant particles and 

50 for causing the hardenable resin composition to flow to the contact points between adjacent resin-coated proppant 
particles so that the particles are consolidated into a high-strength permeable mass. 

[0023] In accordance with the above-described methods, preferably all of the proppant particles are coated with the 
liquid hardenable resin composition on an on-the-fly basis. In order to conserve the liquid hardening agent component 
used and to reduce the cost of the fracturing procedure, the volume ratio of the liquid hardening agent component may 
55 be varied. That is, in a most-preferred technique, the volume ratio of the liquid hardening agent component to the liquid 
hardenable resin component may be varied from an initial volume ratio that produces a high-strength permeable pack 
to a lower volume ratio that produces a lower-strength resilient permeable pack, and then back to a higher initial volume 
ratio that produces a high-strength permeable pack adjacent to the wellbore. The initial volume ratio of the liquid hard- 
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constitute about 60% of the total proppant particles and the resin composition-coated proppant particles suspended 
in the fracturing fluid pumped during the last time period constitute about 25% of the total proppant particles pumped. 
[0030] Examples of preferred hardenable resins that can be utilized in the liquid hardenable resin component include, 
but are not limited to, resins such as bisphenol A-epichlorohydrin resin, polyepoxide resin, novolak resin, polyester 
s resin, phenol-aldehyde resin, urea-aldehyde resin, furan resin, urethane resin, glycidyl ethers and mixtures thereof. 
Of these, bisphenol A-epichlorohydrin resin is preferred. The resin utilized is included in the liquid hardenable resin 
component in an amount in the range of from about 70% to about 100% by weight of the liquid hardenable resin 
component, preferably in an amount of about 85%. 

[0031] Any solvent that is compatible with the hardenable resin and achieves the desired viscosity effect is suitable 

10 for use in the present invention. Preferred solvents are those having high flash points (most preferably about 125°F). 
As described above, use of a solvent in the hardenable resin composition is optional but may be desirable to reduce 
the viscosity of the hardenable resin component for ease of handling, mixing, and transferring. It is within the ability of 
one skilled in the art with the benefit of this disclosure to determine if and how much solvent is needed to achieve a 
suitable viscosity. Solvents suitable for use in the present invention include, but are not limited to, butylglycidyl ether, 

15 dipropylene glycol methyl ether, dipropylene glycol dimethyl ether, dimethyl formamide, diethyleneglycol methyl ether, 
ethyleneglycol butyl ether, diethyleneglycol butyl ether, propylene carbonate, d'limonene and fatty acid methyl esters. 
Of these, butylglucidyl ether is the preferred optional solvent. The amount of the solvent utilized in the liquid hardenable 
resin component is in the range of from about 0% to about 30% by weight of the liquid hardenable resin component, 
preferably in an amount of about 15%. 

20 [0032] Examples of preferred hardening agents that can be used in the liquid hardening agent component include, 
but are not limited to, amines, aromatic amines, polyamines, aliphatic amines, cyclo-aliphatic amines, amides, polya- 
mides, 2-ethyl-4-methyJ imidazole and 1 ,1 ,3-trichlorotrifluoroacetone. Selection of a preferred hardening agent is de- 
pendent, in part, on the temperature of the formation in which the hardening agent will be used. By way of example, 
and not of limitation, in subterranean formations having a temperature from about 60°F to about 250°F, amines and 

25 cyclo-aliphatic amines such as piperidine, triethylamine, N,N-dimethylaminopyridine, benzyldimethylamine, tris 
(dimethylaminomethyl) phenol, and 2-(N 2 N-dimethylaminomethyl)phenol are preferred. In subterranean formations 
having higher temperatures, 4,4 , -diaminodiphenyl sulfone may be a suitable hardening agent. The hardening agent is 
included in the liquid hardening agent component in an amount in the range of from about 40% to about 60% by weight 
of the liquid hardening agent component, preferably in an amount of about 50%. 

30 [0033] Any silane coupling agent that is compatible with the hardening agent and facilitates the coupling of the resin 
to the surface of the formation sand particles is suitable for use in the present invention. Examples of preferred silane 
coupling agents suitable for the liquid hardening agent component include, but are not limited to, N-2-(aminoethyl)- 
3-aminopropyltrimethoxysilane, 3-glycidoxypropyltrimethoxysilane, and n-beta- (aminoethyl)-gamma-aminopropyl tri- 
methoxysilane. Of these, n-beta-(aminoethyl)-gamma-aminopropyl trimethoxysilane is preferred. The silane coupling 

35 agent is included in the liquid hardening agent component in an amount in the range of from about 0.1% to about 3% 
by weight of the liquid hardening agent component. 

[0034] Any hydrolyzable ester that is compatible with the hardening agent and facilitates the coating of the resin 
composition onto the proppant particles and breaks fracturing fluid films is suitable for use in the present invention. 
Examples of preferred hydrolyzable esters that can be utilized in the liquid hardening agent component of the two- 

40 component consolidation fluids of the present invention for, inter alia, facilitating the coating of the resin composition 
on the proppant particles and breaking fracturing fluid films thereon include, but are not limited to, a mixture of dimeth- 
ylglutarate, dimethyladipate and dimethylsuccinate, sorbitol, catechol, dimethylthiolate, methyl salicylate, dimethyl sal- 
icylate, dimethylsuccinate, and terbutylhydroperoxide. Of these, a mixture of dimethylglutarate, dimethyladipate and 
dimethylsuccinate is preferred. The ester or esters are present in the liquid hardening agent component in an amount 

45 in the range of from about 0% to about 3% by weight of the liquid hardening agent component, preferably in an amount 
of about 2%. 

[0035] Any surfactant compatible with the liquid hardening agent and capable of facilitating the coating of the resin 
on the proppant particles and causing the hardenable resin to flow to the contact points between adjacent resin-coated 
proppant particles may be used in the present invention. Such preferred surfactants include, but are not limited to, an 

so ethoxylated nonyl phenol phosphate ester, mixtures of one or more cationic surfactants, and one or more non-ionic 
surfactants, and an alky! phosphonate surfactant. Suitable mixtures of one or more cationic and nonionic surfactants 
are described in U.S. Patent No. 6,31 1 ,733 to which reference should be made. A C 12 - C22 alkyl phosphonate surfactant 
is preferred. The surfactant or surfactants utilized are included in the liquid hardening agent component in an amount 
in the range of from about 2% to about 1 5% by weight of the liquid hardening agent component, preferably in an amount 

55 of about 12%. 

[0036] Use of a liquid carrier fluid in the hardenable resin composition is optional and may be used to reduce the 
viscosity of the hardenable resin component for ease of handling, mixing and transferring. It is within the ability of one 
skilled in the art, with the benefit of this disclosure, to determine if and how much liquid carrier fluid is needed to achieve 
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a viscosity suitable to the subterranean conditions. Any suitable carrier fluid that ic 

resin and achieves the desired viscositv effects is suiter J^ll 1 S corn P at,b,e w «" the hardenable 

that can be utilized in tha ^ZZZZZZZZZZZ " " ™ pr3S3nt ,nvention - Prefe '«* iiquid carrier fluids 
invention preferably include\ose S 

carrier fluids suitable for use in the SSSn^^T-^^? S° ***** Examples of ,ic > uid 

dipropylene glycol dimethyl etne"SiS foZl^ n T,' i * 001 " mited ,0> d V r0 W™ 9*001 methyl ether, 
yleneglycol bi ££%S£^^ ^ butyl ether, die^ 

methy. ether is preferred S^io^Z SuW fe DZnt^l^K'"^ ^ 01 ^ di P r °P ylene *»■ 
the range o( from about 0% to ^^^^JZ£^?^ COmponent in an ™ount in 
of about 30%. V 9 ° f 1,16 " qu,d harden '"9 agent component, preferably in an amount 

E»rT™ and the ii quid hardening 

can be varied while the rate of ft.SJSJS*SSlSS t 1m * " qU ' d hardening agent com P° nent 
to varying whether or not the propXaSest e S!T2 f" - ^ W3y addition 

ponent to the liquid hardenable resin con? oonenl on 2215 £ ° rB * > ° f ^ ' iqUid hardenin 9 a 9 ent com " 
the volume ratio of the liquid hidenin^ T C ° 3,ed may be varied 38 wa «- Preferably, 

an initial volume ratio to a to^^^^^Z^ h ??T* "* C ° mP ° nent may be Varied f ™ 
with the benefit of this disclosure wW be abte to LTl^l c t ^'T ^ ° ne ° f 0rdinary ski " in »• art, 
[0038] Anyfracturingfluidsui^^^ 

including aqueous gels, emulsions and other ^SSXZZE^ ! ^ accordance with the present invention, 
water and one or more gelling agents Z lta «^!l n ^ aqUe ° US 96lS 3re 93nerally - 
ge.ied .Md and a .iquld, noZtg^st^ £ n^T °' *"° ' mmiSCib,e SUCh 33 " 3 «— 

Snga^t^ 

the gel and further increasing the viscosrtj oXflu I t^nl! f P ^ * cross " ,inkin 9 a 9ent tor cross-linking 
fracturing fluid, inter alia, reduces ™* ° f 9e " ed ° r 9e " ed «* "oss-linkeS 

proppant particles. The water utilized to fo^ 

that does not adversely react with the 0^7^ ** " be 8311 W3ter ' brine ' 0r «V other aqueous liquid 

charides and derivative] I mereo Z ^S^^SS^S^ ^ USe,Ul are 

giucose, xylose, arabinose, fructose, glue ronic ^SISSSEfST T 9 f ^ man "° Se ' 9,UCOSid3 ' 
containing the foregoing functional a^Landun^ ^r^, I ^P' 68 of nat ^ hydratable polymers 
include guar gum a^dderivafi^ 

cellulose. Hydratable synthetic polymer^ andc^ deriVatiV6S ' SUCh 33 hydr0xyettlyl 

be utilized. Examples of such syntCc SKSE but ZT^Z^TZ^T™^* 9r ° UpS C3n 3,30 
acrylamide, polyvinyl alcohol and polyvinylpyrrolidone T?»'e IZTnJnT J ' po,yacr y |ate - Polvmethacrylate, poly- 
thefracturing fluid in an amount in^^^^ 

aqueous solutions. Samples of C3P3b,e ° f rele33in 9 multivaten * ^ h 

aluminum. When used, the cross-linZ a^S^S^I^'.T^ 3n,im0ny> ,it3nium ' iron ' zinc or 
about 0.01 % to about 1 % by weight of She Ser ^ W3t3r h 30 3mount in tne ran 9 e «* from 

K^hrs^ 

type. The gel breakers cause the J^c^ETEX^' ^ ° f the tem P a rature-activated 

the surface after they have tee 3E *S 22s TnT? * "* "!* ** " n b3 produced back to 
generally present in toe fracturing fluW h iSSCSL ^ «» subterranean fractures. The gel breaker used is 
agent therein. The fracturing flJds ^^ 1%to ^»^'^<*^^ 
s^zers fluid to ss control ^es^^^ W3 " a ^es such as ge^ 

aa^ h cir^^ ° d a - - - 
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solids to be screened out by the «Z^£^25T °" 1,16 PrtC * r SiZe ^ distributi0 " - f °™ a «on 
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[0044] To further illustrate some embodiments of the present invention, the following examples are given. 
EXAMPLES 
5 Example 1 

[0045] A liquid hardenable resin component of this invention was prepared by mixing a bisphenol A-epichlorohydrin 
resin with a butylglycidyl ether solvent. The bisphenol A-epichlorohydrin resin was present in the resulting liquid hard- 
enable resin component in an amount of about 85% by weight of the liquid hardenable resin component, and the solvent 
10 was present in the liquid hardenable resin component in an amount of about 15% by weight of the liquid hardenable 
resin component. 

[0046] A liquid hardening agent component was prepared by combining the following chemicals: a cycloaliphatic 
amine hardening agent in an amount of about 50% by weight of the liquid hardening agent component; a n-beta(ami- 
noethyl)-gamma-aminopropyl trimethoxysilane silane coupling agent in an amount of about 4% by weight of the liquid 
15 hardening agent component; a C 12 - alkyl phosphonate surfactant in an amount of about 9% by weight of the liquid 
hardening agent component; and a dipropylene glycol methyl ether or dipropylene glycol dimethyl ether liquid carrier 
fluid in an amount of about 37% by weight of the liquid hardening agent component. 

[0047] The liquid hardenable resin and liquid hardening agent component were then stored at room temperature and 
their viscosities were monitored over time. Table 1 shows the change in viscosity over time: 

20 

TABLE 1 



Viscosity (cp) as a Function of Time 


Number of Days 


Viscosity (cp) of liquid 


Viscosity (cp) of liquid hardening 




hardenable resin component 


agent component 


0 


307 


384 


6 


307 


448 


30 


384 


474 


60 


410 


474 


205 


467 


474 



[0048] From Table 1 , it is evident that the viscosity of the components remained within acceptable levels over a long 
period of time. 

35 

Example 2 

[0049] Consolidation strength testing was performed for various proppant types, sizes and carrier fluids. A resin 
mixture comprised of the liquid hardenable resin component and the liquid hardening agent component described in 

4(7 Example 1 . A mixture of 4.6 mL of liquid hardenable resin component and 5.4 mL of liquid hardening agent component 
was prepared by blending these two components together to form a homogeneous mixture. A volume of 7.8 mL of this 
resin mixture was added and coated directly onto 250 grams of 20/40-mesh bauxite proppant. The resin-coated prop- 
pant was then mixed with a cross-linking water-based gel fracturing fluid. The resultant mixture was stirred for one 
hour at 125°F to simulate the effect of pumping and fluid suspension that occurs during a subterranean fracturing 

45 treatment. The mixture was then packed into brass flow cells without applying any closure stress and cured in an oven 
at the temperatures and cure times shown in Tables 2-1 0, below. Consolidated cores were obtained from the proppant 
packs to determine the unconfined compressive strength (UCS) in psi. 



TABLE 2 



UCS (psi) obtained for hardenable resin-treated proppant in a crosslinked 
water-based fracturing fluid and cured for 6 hours 


Proppant 


Cure Temperature 


UCS (psi) 


16/20 bauxite -US ore 


140°F 


153.3 


16/20 bauxite -US ore 


165°F 


196 


16/20 bauxite -US ore 


190°F 


101.8 
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TABLE 2 (continued) 



UCS (psi) obtained for hardenable resin-treated proppant in a crosslinked 
water-based fracturing fluid and cured for 6 hours 


Proppant 


Cure Temperature 


UCS (psi) 


20/40 bauxite - Russian ore 


140°F 


258.1 


1 6/30 bauxite - Russian ore 


140°F 


143 


16/20 bauxite - Russian ore 


140°F 


206.9 



TABLE 3 



UCS (ps.) obtained for hardenable resin-treated proppant in a crosslinked 
h water-based fracturing fluid and cured for 1 6 hours 


Proppant 


Cure Temperature 


UCS (psi) 


16/20 bauxite - US ore 


170°F 


244.7 


20/40 bauxite - US ore 


165°F 


133.5 


20/40 bauxite - Russian ore 


140°F 


289.9 



TABLE 4 



UCS (ps.) obtained for hardenable resin-treated proppant in a crosslinked ' 
water-based fracturing fluid and cured for 24 hours 


Proppant 


Cure Temperature 


UCS (psi) 


16/20 bauxite -US ore 


140°F 


193.3 


16/20 bauxite - US ore 


140°F 


267.7 


16/20 bauxite -US ore 


165°F 


270.9 


16/20 bauxite -US ore 


190°F 


197.5 


20/40 bauxite - Russian ore 


140°F j 


297.7 


16/30 bauxite - Russian ore 


140°F 


244.7 


1 6/20 bauxite - Russian ore 


140°F 


287.4 


16/30 bauxite - Russian ore 


140°F 


401 



TABLE 5 



UCS (ps.) obtained for hardenable resin-treated proppant in a crosslinked 
L__ water-based fracturing fluid and cured for 48 hours 


Proppant 


Cure Temperature 


UCS (psi) 


16/20 bauxite -US ore 


140°F 


290.8 


16/20 bauxite -US ore 


140°F 


356.5 


16/20 bauxite -US ore 


165°F 


280.2 


16/20 bauxite -US ore 


190°F 


187.9 


20/40 bauxite - Russian ore 


140°F 


565.9 


16/30 bauxite - Russian ore 


140°F 


236.1 


1 6/20 bauxite - Russian ore 


140°F 


390.4 


1 6/30 bauxite - Russian ore 


140°F 


477.1 
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TABLE 6 



UCS (psi) as calculated for hardenable resin-treated proppant in a water-based 
fracturing fluid and cured for 24 hours 


Proppant 


Cure Temperature 


UCS (psi) 


1 6/30 bauxite - Russian ore 


140°F 


610.5 


20/40 bauxite - Russian ore 


165°F 


579.8 


16/20 bauxite - Russian ore 


165°F 


452.9 


20/40 bauxite - Russian ore 


165°F 


579.8 


16/20 bauxite - Russian ore 


165°F 


452.9 


16/20 bauxite -US ore 


165°F 


433.3 


16/20 bauxite -US ore 


190°F 


586.5 



TABLE 7 



UCS (psi) as calculated for hardenable resin-treated proppant in a crosslinked 
water-based fracturing fluid and cured for 24 hours 


Proppant 


Cure Temperature 


UCS (psi) 


16/20 bauxite - US ore 


190°F 


239.9 


16/20 bauxite - US ore 


190°F 


259.2 


16/20 bauxite -US ore 


190°F 


185.4 



30 TABLE 8 



UCS (psi) as calculated for hardenable resin-treated proppant in linear 
hydroxyethyl cellulose polymer fluid and cured for 24 hours 


Proppant 


Cure Temperature 


UCS (psi) 


20/40 Brady sand 


140°F 


570.4 


20/40 ceramic 


140°F 


500.2 


20/40 Brady sand 


165°F 


733.2 


20/40 ceramic 


165°F 


368.5 



[0050] In addition, a sample of 20/40 Brady Sand treated with hardenable resin, suspended in crosslinked water- 
based fracturing fluid and cured at 190°F, was also tested at 6 hours and again at 5 days, and the unconfined com- 
pressive strength was found to be 789.9 psi and 702.2 psi, respectively. 

[0051] Tables 2 through 8 show that the hardenable resin-treated proppants of the present invention achieve uncon- 
fined compressive strengths. 

Example 3 

[0052] Resin-coated proppant as described in the present invention was created at resin concentrations of 0%, 1 % 
and 2% by weight of the proppant using 20/40 bauxite proppant made from US ore. Proppant packs were formed at 
1 50°F and at various closure pressures. The conductivity of the various packs was tested, and the results are displayed 
in Table 9. below. 



55 
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Effect of Resin Concentrations on Proppant Pack Conductivity (mO-ft) Obtained at ' 
various Closure Stresses 




Resin Concentration (% volume / weight) 


Closure Stress (psi) 


0 


1 


2 


2,000 


4382 


5045 


6366 


4,000 


4121 


4903 


5950 


6,000 


3660 


4012 


5216 "J 



2. 



Claims 

a liquid newenaMe M. composition * 9 M * ""to" 1 * «««►* to term 

(0 Bmwiating steps (a), (t), (c), <d>, and (o)i and, 

(g) atowing me hanjenable resin en the hardennbl. Mn«n* proppant panto!.* ft, „ 
-£ tea, o„a..Vde ^^T^TT^ 
pylene glycol dimethyl ether, dimethyl fomJL^a!SSSS^T ^ ' d ' propylene f^ 0 ' m ethyl ether, dipro- 

imethtfinnlne, MM^nMmtmSSl 2 •UMtaSS?^ """H""** benzyld- 
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*«^a..ntlnop,o^^ «* 
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7. A method according to any of claims 1 to 6, wherein the surfactant in the liquid hardening agent component com- 
prises ethoxylated nonyl phenol phosphate ester, mixtures of one or more cationic surfactants, a C 12 - C22 alkyl 
phosphonate surfactant, a mixture of one or more non-ionic surfactants and an alkyl phosphonate surfactant, or 
any mixture of two or more thereof 

5 

8. A method according to any of claims 1 to 7, wherein the liquid hardening agent further comprises a liquid carrier 
fluid, said carrier fluid preferably comprising dipropylene glycol methyl ether, dipropylene glycol dimethyl ether, 
dimethyl formamide, diethyleneglycol methyl ether, ethyleneglycol butyl ether, diethyleneglycol butyl ether, propyl- 
ene carbonate, d'limonene, fatty acid methyl esters, or any mixture of two or more thereof 

10 

9. A method according to any of claims 1 to 8, further comprising varying the volume ratio of said liquid hardening 
agent component to said liquid hardenable resin component on-the-fly, preferably from an initial volume ratio to a 
lower volume ratio and then back to the initial volume ratio. 

15 10. A method according to claim 9, wherein the initial volume ratio of the liquid hardening agent component to the 
liquid hardenable resin component is from 1:10 to 1:1 preferably 1:1.5 and the lower volume ratio is from 1 :20 to 
1:5 preferably 1 :5. 

11. A method of on-the-fly mixing of a hardenable resin composition and a proppant, which method comprises the 
20 steps of: 

(a) continuously mixing a premixed liquid hardenable resin component and a premixed liquid hardening agent 
component, at a desired ratio, on-the-fly to form a hardenable resin composition; and 

(b) mixing the hardenable resin composition with the proppant particles on-the-fly to form hardenable resin- 
25 coated proppant particles. 

12. A method according to claim 11 , further comprising the step of 

(c) suspending the hardenable resin-coated proppant particles in a liquid fracturing fluid on-the-fly to form a 
30 suspension of hardenable resin-coated proppant particles in liquid fracturing fluid; 

(d) pumping the suspension as it is created into a subterranean zone having a temperature from 60°F to 225°F 
and, 

(e) allowing the hardenable resin on the hardenable resin-coated proppant particles to harden and consolidate 
into one or more high-strength permeable packs inside a subterranean fracture. 

35 

13. A two-component hardenable resin composition to be activated at the well site, which composition comprises. 

(a) a liquid hardenable resin component comprising a liquid hardenable resin; and 

(b) a liquid hardening agent component comprising a liquid hardening agent, a silane coupling agent, and a 
40 surfactant. 

14. A composition according to claim 13, wherein the liquid hardenable resin comprises an organic resin comprising 
bisphenol A-epichlorohydrin resin, polyepoxide resin, novolak resin, polyester resin, phenol-aldehyde resin, urea- 
aldehyde resin, furan resin, urethane resin, glycidyl ethers, or any mixture of two or more thereof. 

45 

15. A composition according to claim 1 3 or 1 4, wherein the hardenable resin comprises 70% to 1 00% by weight of the 
liquid hardenable resin component. 

1 6. The composition of claim 1 3, 1 4 or 1 5, wherein the liquid hardenable resin component further comprises a solvent, 
50 the solvent preferably comprising butyiglycidyl ether, dipropylene glycol methyl ether, dipropylene glycol dimethyl 

ether, dimethyl formamide, diethyleneglycol methyl ether, ethyleneglycol butyl ether, diethyleneglycol butyl ether, 
propylene carbonate, d'limonene, fatty acid methyl esters, or any mixture of two or more thereof 

17. A composition according to any of claims 13 to 16, wherein the liquid hardening agent comprises amines, aromatic 
55 amines, aliphatic amines, cyclo-aliphatic amines, piperidine, triethylamine, benzyldimethylamine, N,N-dimethyl- 

aminopyridine, 2-(N 2 N-dimethylaminomethyl)phenol, tris (dimethylaminomethyl)phenol, or any mixture of two or 
more thereof. 
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methoxysilane, or mixtures thereof mmemoxysiiane, n-beta- (aminoethyl)-gamma-aminopropyltri- 

liya.Wioxkle.ormMurestnereof. e '™^ 8 ^ a,e ' ctae ' ,, l" 5al "=>«M«.a'"e%lsuoclnal e ,l.rt iu i > |. 

glycol dimethyl «h,r, dimethyl Icemamkfc ^SiSlSlSSSf .T*'?. 0 9 * M me "* 1 """W™ 
lybdl butyl erne,, propyten, ' """l*™*** ether, .myten.glycol bmyl «her, dMhyta*. 

hyaroperoxid,,. or eny m&ta. of M JZIS * ' *"""" * a " c| *" 9 ' »rbuty|. 

on. c sunactants, a C 12 - alkyl phosphonate surfactant, one or 
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more non-ionic surfactants and an alkyl phosphonate surfactant, or any mixture of two or more thereof. 

35. A composition according to any of claims 28 to 34, wherein the surfactant comprises from 2% to 15% by weight 
of the liquid hardening agent component. 

36. A composition according to any of claims 28 to 35, wherein the liquid hardening agent component further comprises 
a liquid carrier fluid, said liquid carrier fluid comprising dipropylene glycol methyl ether, dipropylene glycol dimethyl 
ether, dimethyl formamide, diethyleneglycol methyl ether, ethyleneglycol butyl ether, diethyleneglycol butyl ether, 
propylene carbonate, d'limonene, fatty acid methyl esters, or any mixture of two or more thereof 

37. A composition according to claim 36, wherein the liquid carrier fluid comprises from 20% to 40% by weight of the 
liquid hardening agent component. 
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